Introduction
I will try to summarize recent experimental results on B to charmonium decays. Decays of B meson to final states include charmonium play an important role in the study of CP violation at B-factories. The decay modes B CP → J/ψK S , ψ(2S)K S , χ c1 K S , η c K S , J/ψK L and J/ψK * 0 (K * 0 → K S π 0 ) have been used for sin2φ 1 measurements [1] [2] [3] [4] [5] . These two-body decay modes are dominated by the color suppressed b → c transition. Other CP eigenstates of the neutral B meson, e.g. J/ψρ 0 , may also be useful for the CP measurements. Meanwhile, the branching fractions for the B → charmonium decays can provide valuable information on their decay mechanism.
Non-factorizable decay modes
In the factorization approximation, the production of χ c0 and χ c2 are not allowed by angular momentum and vector-current conservation. However, these decays can occur if factorization is broken by an exchange of soft gluons between the quarks.
Observation of B
+ → χ c0 K + Using a data sample containing 31.3 million BB events collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric e + e − collider, the Belle collaboration has made the first observation of B + → χ c0 K + [6] . The χ c0 candidates are reconstructed from χ c0 → π + π − and K + K − . Two kinematic variables, the beam-constrained mass, M bc = E 2 beam − P 2 recon , and energy difference ∆E = E recon − E beam in the Υ(4S) center of mass frame, are formed to isolate the signal. Here E beam , E recon and P recon are the beam energy, the reconstructed energy and the reconstructed momentum of the signal candidate, respectively. Figure 1 Figure 1 : The (a) π + π − and (b) K + K − invariant mass spectra. Open histograms correspond to events from the B signal region, and hatched histograms correspond to events from the ∆E sidebands. The curves are results of fits [6] .
is shifted. This could be explained by the interference of B + → χ c0 K + with the non-resonant
− with the muons misidentified as pions. Using the χ c0 → π + π − decay channel, the ratio of branching fractions is found to be:
where the first error is statistical, the second is systematic, and the third is due to the uncertainty in the branching fraction for χ c0 → π + π − . The branching fraction is measured to be B(B + → χ c0 K + ) = (6.0
which is comparable to those for B + → J/ψK + and B + → χ c1 K + decays. The χ c0 → K * 0 K − π + decay channel has been also studied and the results are in good agreement with those determined from χ c0 → π + π − . The statistical significance of the signal is 6σ when these two channels are combined. This measurement indicates a significant non-factorizable contribution in B to charmonium decays.
Observation of B → χ c2 X
The Belle collaboration has also observed χ c2 production in B-meson decay [7] . The analysis is based on a data sample containing 31.9 million BB events collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric e + e − collider. The χ c2 candidates are reconstructed via J/ψγ, J/ψ → l + l − . The photon energy resolution is studied using Figure 2 : The distribution of the mass difference between the χ c and the J/ψ candidates events [7] .
400 MeV. The good photon energy resolution leads to a clear separation between the χ c2 peak and the lager χ c1 peak as shown in Fig. 2 . To extract signal yields, the distribution is fit to two Crystal Ball line shapes and a third-order Chebyshev polynomial for the background. The continuum subtracted yield for B → χ c2 is 607 +76 −94 events. The branching fraction for B → χ c2 X is (1.80
. The branching fraction for B → χ c1 X is also measured. The momentum spectrum of χ c2 does not show a significant contribution from two body B → χ c2 K, in contrast to the momentum spectrum for B → χ c1 . 
B → J/ψK *
The J/ψK * system has three helicity states and hence is a mixture of the CP-even and CP-odd eigenstates. The full angular analysis can determine the CP mix, which must be known to measure sin2φ 1 when the decay
The angular analysis also provides a test of the validity of the factorization hypothesis for the B meson decays with charmonium.
The branching fractions for B + → J/ψK * + and B 0 → J/ψK * 0 , where Table 1 for comparison [9] [10]. The results are all in good agreement. Fig. 4 also shows evidence for the decay B 0 → J/ψK * 0 2 (1430). Some excess is observed in the region between 1.1 GeV/c 2 to 1.3 GeV/c 2 in these measurements. Its source is not fully understood. The decay amplitudes of B → J/ψK * are measured in the transversity frame [11] by fitting the angular distributions in Fig. 5 . The results from various experiments are compared in Table 2 [9] [12] [10] . They are consistent. The value of |A ⊥ | 2 , which corresponds to the CP-odd eigenstate, shows that CP-even component dominates in the B 0 → J/ψK * 0 , K * 0 → K S π 0 decay. The parameter arg(A ) should be 0 or π in the factorization limit. It is shifted from π in all four measurements. However, the shift is not yet statistically significant enough to draw a conclusion.
The decay B → η c K has the same quark level diagram as B → J/ψK. However, unlike J/ψ, η c decays hadronically rather than leptonically with rates of a few percent or less for each channel. The decay modes
have been used to measure sin2φ 1 . Other decay channels of the η c may also be useful for the CP measurements. BaBar has measured the branching fractions of B + → η c K + and B 0 → η c K 0 [13] using a data sample containing 22.7 million BB pairs. The η c is reconstructed in the decay modes: Belle has measured the branching fraction of B + → η c K + and B 0 → η c K 0 using a data sample containing 31.3 million BB pairs. The η c is reconstructed in the decay modes: Exp. [14] and the CLEO result [15] .
The B branching fractions are quoted for the η c → K
+ mode is the most precisely and reliably measured mode, while the branching fraction for the η c → K + K − π 0 mode is related by isospin. The results are consistent with the CLEO results [16] but more precise as shown in Table 3 . 3.4 Exclusive B → J/ψ, ψ(2S) and χ c1 Table 4 lists branching fractions for two-body B meson decays to J/ψ, ψ(2S) and χ c1 with a kaon or pion [14] 
Observation of η c (2S) meson

Summary
With the large BB data sets accumulated at the B-factories, we have improved the measurements of the branching fractions for the decays B → J/ψK ( * ) , B → ψ(2S)K, B → χ c1 K and B → J/ψπ. The decays modes B 0 → χ c1 K * 0 , B + → χ c0 K + , B → χ c2 X, B 0 → η c K * 0 and B → J/ψK 1 (1270) have been observed for the first time. The branching fractions for the non-factorizable decays B + → χ c0 K + and B → χ c2 X are comparable to the factorizable decays B + → J/ψK + and B → χ c1 X. Belle has observed the η c (2S) meson. Its properties are consistent with expectations of the heavy-quark potential models.
